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INTRODUCTION 

The  goal  of  this  research  is  to  develop  a  pharmacological  strategy  for  reducing 
or  eliminating  the  pathological  accumulation  of  fluid  that  occurs  in  breast  gross  cystic 
disease  (GCD).  Over  the  last  year,  we  have  begun  an  analysis  of  the  transport 
proteins  and  intracellular  signaling  mechanisms  that  mediate  the  movement  of  fluid 
(and  ions)  across  confluent  monolayers  of  human  cultured  mammary  epithelial  cells 
beginning  with  a  well-characterized  breast  cancer  cell  line.  We  hope  eventually  to  be 
able  to  analyze  cells  cultured  from:  (1)  reduction  mammoplasties  in  normal  individuals; 
and  (2)  patients  with  gross  cystic  disease.  In  all  cases,  we  will  use  antibodies  and 
immunocytochemistry  to  identify  the  transport  proteins  that  are  located  on  the  apical 
and  basolateral  membranes  of  these  cells.  At  the  same  time,  in  a  complementary  set  of 
experiments,  confluent  monolayers  of  each  cell  type  will  be  mounted  in  modified  Ussing 
chambers  to  measure  the  transport  rates  of  the  pumps,  cotransporters,  exchangers, 
and  channels  that  are  located  at  each  membrane.  The  present  preliminary 
experiments  have  provided  the  first  measurements  of  fiuid  transport  across  any 
mammary  epithelia.  In  particular,  the  magnitude  and  direction  of  the  fluid  transported 
across  each  preparation  has  been  directly  measured.  As  shown  in  the  preliminary 
data  (see  below)  we  have  been  able  to  make  solution  composition  changes  and  add 
secretagogues  or  transport  inhibitors  to  the  apical  or  basal  baths  in  order  to  help 
identify  which  particular  apical  or  basolateral  membrane  proteins  and/or  which  signaling 
pathways  mediate  the  vectorial  transport  of  fluid  across  31EG4  mammary  cell  line 
(Sjaasted  efa/.,  1993). 


BODY 


Backqround/Siqnificance 

GCD  is  the  most  common  benign  breast  disease  and  its  etiology  is  unknown.  Seven 
to  ten  percent  of  women  in  Western  countries  develop  macrocysts  of  the  breast,  mainly 
in  the  premenopausal  decade,  and  there  is  now  strong  evidence  to  indicate  that  these 
women  are  at  a  higher  risk  of  later  developing  breast  cancer,  at  a  rate  2-4  times  that 
of  the  general  population  (Angeli  et  al.,  1994;  Leis,  1993;  Bodian,  1993;  Bodian  et  al., 
1992;  Bundred  et  al.,  1991;  Ciatto  et  al.,  1990). 

In  breast  gross  cystic  disease  (GCD)  there  are  two  types  of  epithelial  cells  that 
line  the  cysts,  apocrine  (tall,  columnar)  and  attenuated  (flat);  it  is  the  apocrine  cells  that 
serve  as  a  marker  for  precancerous  changes  in  the  surrounding  tissue  (Leis,  1993; 
Petrakis  et  al.,  1993).  These  cysts  can  be  formed  in  one  of  two  ways:  either  by  a 
fibrocystic  obstruction  in  the  duct  or  by  excessive  fluid  secretion  across  the  ductal- 
alveolar  epithelia  (Dogliiotti  et  al.,  1990).  In  the  former  case  cysts  do  not  usually 
reoccur  after  aspiration,  but  in  the  latter  case  -  cysts  frequently  do  reoccur  (Angeli  et  al., 
1987;  Molina  et  al.,  1990).  Recent  evidence  suggests  that  the  apocrine  cells  may 
provide  the  paracrine  or  autocrine  signals  that  lead  to  the  development  of  breast 
epithelial  hyperplasia  (Athanassiadou  et  al.,  1992;  Leis,  1993;  Cassoni  et  al.,  1995).  If 
as  in  many  organ  systems,  the  progression  from  benign  to  malignant  epithelial  -cell 
phenotype  were  in  part  regulated  by  inhibitory  signals  then  fluid  accumulation  in  the 
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cysts  would  reduce  the  activity  of  these  inhibitory  signals  and  speed  the  onset  of 
tumor  growth.  For  example,  in  breast  carcinomas,  E-cadherin  mediated  adhesion 
between  cells  is  significantly  reduced  because  the  expression  level  of  this  protein  is 
reduced  (Shiozaki  et  al.,  1991;  Eidelman  et  al,  1989). 

Breast  cyst  fluid  from  GCD  patients  contains  many  different  chemical  components 
at  activity  levels  that  are  quite  unusual  for  any  ventricular  space.  These  abnormal 
secretory  products  include  electrolytes,  hormones,  growth  factors,  cytokines, 
immunoglobulins  and  other  proteins  (Bradlow  et  al.,  1985;  Miller,  1989;  Wick  et  al, 
1989;  Molina  et  al.,  1990;  Dogliotti  et  al.,  1990;  Reed  et  al.,  1992;  Lai  et  al.,  1993; 
Angeli  et  al,  1987,  1992,  1994;  Cassoni  et  al.,  1995).  Approximately  70%  of  the  total 
protein  content  of  the  breast  GCD  fluid  is  made  up  of  only  three  proteins  with  molecular 
weights  of  15,  24  and  44kd  (gross  cystic  disease  fluid  proteins  -  GCDFP-  15,24,&  44). 
Of  these  three  polypeptides,  GCDFP-15  is  the  one  consistently  present  in  carcinomas 
of  the  breast  (  Wick  et  al.,  1989;  Mazoujian  et  al.,  1989;  Petrakis  et  al.,  1993;  Cassoni 
et  al.,  1995).  We  will  begin  by  measuring  the  activity  GCDFP-15  and  its  ability  to  alter 
fluid  transport  rate  because:  (1)  its  secretion  is  increased  in  breast  cancer  (Umaar  et 
al.,  1994);  (2)  it  is  mitogenic  for  normal  human  and  breast  cancer  cell  lines  (Cassoni  et 
al.,  1995),  but  not  colon  carcinoma  cell  lines  (HT29  or  NIC-H716),  neuroblastoma  cell 
line-IMB32  or  NIC-H209  (small  cell  lung  carcinoma  cells).  The  chemical  activity  of  this 
secreted  protein  and  its  role  in  the  development  of  breast  epithelia  hyperplasia  may  be 
regulated,  in  part,  by  the  amount  of  fluid  secreted  into  the  cyst. 

The  electrolyte  composition  of  gross  breast  cysts  are  quite  abnormal  compared  to 
most  secretions  (high  K  and  low  Na,  Cl  &  pH;  Angeli  et  al.,  1994;  Molina  et  al.,  1990; 
Dixon  et  al.,  1984)  but  it  bears  a  striking  resemblance  to  the  endolymph  fluid  produced 
by  the  apocrine  -  like  dark  cells  that  line  the  semicircular  canal  of  the  ear  (Marcus  et  al., 
1992).  Because  the  dark  cells  also  secrete  some  of  the  same  proteins  (GCDFP-15), 
they  provide  a  possible  model  for  fluid  (and  ion)  transport  across  mammary  cells. 
Previous  work  using  mammary  cells  from  animal  tissues  also  provides  a  helpful  starting 
point  (Shennan,  1990)  but  most  of  these  studies  were  carried  out  using  isolated 
epithelial  cells,  from  mouse  or  bovine  mammary  glands  or  vesicle  preparations 
(Shennan  et  al.,  1994;  Furuya  et  al.,  1993;  Shennan,  1992).  In  one  case,  confluent 
monolayers  were  used  to  study  the  influence  of  hormonal  regulation  on  the  polarized 
distribution  of  Na/H  exchange  and  Na-HCOa  cotransport  (Sjaastad  et  al.,  1993).  Some 
ion  transport  information  has  been  obtained  using  confluent  monolayers  of  cultured 
mouse  mammary  epithelia  (Bisbee,  1981a,b),  but  nothing  is  known  about  the 
mechanisms  that  drive  fluid  secretion  across  the  epithelia  that  line  the  ducts  and 
lobules  of  the  mammary  glands. 

In  most  gland  systems  fluid  secretion  is  driven  by  a  chloride  transport  pathway 
consisting  of  an  apical  membrane  Cl  channel  and  a  basolateral  membrane  Na,  K,  2CI 
cotransporter.  There  is  some  evidence  that  this  is  also  true  for  two  of  the  human  breast 
cancer  cell  lines,  MCF-7  and  BC19/3  (Altenberg  et  al.,  1994).  These  authors  showed 
that  intracellular  Cl  concentration  in  both  cell  lines  is  quite  high,  =  40  mM,  strongly 
suggesting  that  chloride  is  actively  accumulated,  perhaps  via  furosemide-sensitive 
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Na,K,2CI  cotransporters  (Shennan,  1989,  1990);  Cl  efflux  in  MCF  -  7  cells  occurs  via 
Ca^^  -dependent  Cl  channels  (Flezar  and  Heisler,  1993).  These  results  suggest  the 
presence  of  a  chloride  transport  pathway  that  could  drive  fluid  secretion  into  the  ducts. 
Therefore  our  first  experiments  have  probed  for  the  presence  of  apical  membrane  Cl 
channels  and  basolateral  Na,  K,2CI  cotransporters,  because  this  pathway  will  most 
likely  provide  the  basis  for  a  therapeutic  approach  to  the  prevention  of  fluid-filled  cysts 
in  gross  cystic  disease  patients. 

Previously  we  determined  the  membrane  and  intracellular  signaling  mechanisms 
that  regulate  fluid  transport  across  the  retinal  pigment  epithelium  (Hughes  et  al.,  1984; 
Edelman  and  Miller,  1991;  Joseph  and  Miller,  1992;  Edelman  et  al.,  1994;  Gallemore  et 
al.,  1997).  We  also  demonstrated  that  these  same  mechanisms  serve  to  control  the 
hydration  of  the  small  extracellular  space  that  lies  between  the  RPE  apical  membrane 
and  the  distal  portion  of  the  neural  retina  (Bialek  and  Miller,  1994;  Peterson  et  al., 
1997).  Recently  we  provided  the  first  measurements  of  fluid  transport  across 
monolayers  of  cultured  human  airway  surface  and  gland  cells  and  determined  some  of 
the  mechanisms  that  could  provide  therapeutic  hydration  in  the  airways  of  cystic  fibrosis 
patients  (Jiang  et  al.,  1993;  Jiang  et  al.,  1997).  Based  on  this  experience,  I  believe  that 
we  will  be  able  to  develop  a  pharmacological  strategy  that  can  be  used  to  prevent  or 
reduce  the  fluid  that  accumulates  in  the  mammary  gland  ducts  during  gross  cystic 
disease.  The  potential  benefits  of  preventing  this  accumulation  of  fluid  would  be  three¬ 
fold:  (1)  a  possible  reduction  in  cancer  risk  or  disease  progression;  (2)  a  reduction  or 
removal  of  the  pain  that  inevitably  accompanies  the  fluid  -  induced  intracystic  tension; 
(3)  the  removal  of  an  impediment  that  continues  to  cause  misdiagnosis  of  breast  cancer 
by  primary  care  physicians  (Leis,  1993). 

Methods 


Human  Tissue  Samples:  Normal  human  mammary  tissue  was  obtained  from 

the  Cooperative  Human  Tissue  Network  (CHTN).  The  mammary  epithelial  cells  were 
isolated  using  the  following  collagenase  digestion  and  percoll  gradient  procedure 
(Richards,  et  al.,  1984;  Imagwa  et  al.,  1994).  Tissue  was  minced  for  10  minutes  then 
placed  in  50  mis  of  Hepes-buffered  199  media  (plus  antibiotics)  with  0.1%  collagenase. 
The  sample  was  dissociated  for  1.5  hrs  at  37°C  (with  shaking).  The  samples  were 
checked  periodically  for  clumps.  Once  dissociated,  the  sample  was  spun  for  5  minutes 
at  1000  rpm  in  a  sterile  50  ml  tube.  The  suspension  of  tissue  and  lipids  on  top  of  the 
media  was  removed  and  saved.  The  rest  of  the  media  was  discarded  while  the  pellet  of 
cells  on  the  bottom  of  tube  was  saved.  To  the  saved  suspension  40  mis  of  Hepes- 
buffered  199  media  and  200ul  of  DNase  was  added.  This  sample  was  then  vortexed  for  2 
minutes  and  spun  again  for  5  minutes  at  1000  rpm.  After  the  spin  the  media  was 
removed  and  the  cells  pooled  with  the  other  pellet.  The  sample  was  resuspended, 
vortexed  for  5  minutes  and  then  spun  again  for  5  minutes  at  1000  rpm.  The  cells  were 
then  spun  in  a  percoll  gradient.  The  epithelial  cells  were  removed  and  washed  in  MEM 
media.  The  mammary  epithelial  cells  were  seeded  on  transwells  at  a  density  of  10® 
cells/cm^  and  allowed  to  grow  into  a  confluent  monolayer  on  a  floating  collagen  gel. 
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Prolactin,  cortisone  and  insulin  (5|jg/ml),  was  used  to  induce  to  lactation  in  some 
samples. 

Mouse  tissue  samples:  Mammary  tissue  was  removed  from  virgin  balb  c  mice. 
Isolation  of  the  mammary  epithelial  cells  was  then  initiated  by  mincing  the  tissue.  The 
minced  tissue  was  placed  in  50  mis  of  Hepes-buffered  1 99  media  (plus  antibiotics)  with 
0.1%  collagenase  and  dissociated  for  1.5  hrs  at  37°C  (with  shaking).  The  samples  were 
checked  periodically  for  clumps.  Once  the  tissue  was  dissociated  the  sample  was  spun 
for  5  minutes  at  1000  rpm  in  a  sterile  50  ml  tube.  On  the  top  of  the  media  was  a  tissue/fat 
suspension.  This  suspension  was  removed  and  saved.  The  rest  of  the  media  was 
discarded  while  the  pellet  on  the  bottom  of  tube  was  saved.  To  the  saved  suspension  40 
mis  of  Hepes-buffered  199  media  and  200ul  of  DNase  was  added.  This  sample  was  then 
vortexed  for  2  minutes  and  spun  again  for  5  minutes  at  1000  rpm  in  a  sterile  50  ml  tube. 
After  the  spin  the  media  was  removed  and  pooled  with  the  pellet.  This  pellet  was  then 
resuspended,  vortexed  for  5  minutes  and  then  spun  again  for  5  minutes  at  1000  rpm.  The 
cells  were  then  run  through  a  percoll  gradient.  The  epithelial  cells  were  removed,  washed 
in  MEM  media.  The  cells  were  seeded  on  transwells  at  a  density  of  10®  cells/cm^  and 
allowed  to  grow  into  a  confluent  monolayer  on  a  floating  collagen  gel. 

Human  culture  samples:  MCF-7  cells  were  obtained  from  the  American  Type 
Culture  Collection(ATCC)  and  Professor  Gary  Firestone.  (DC  Berkeley)  They  were 
grown  in  Minimal  essential  media  (MEM)  with  Earle's  Salts  and  non-essential  amino 
acids  (Gibco),  glutamine,  10%  Fetal  bovine  serum  (FBS),  10  ug/ml  bovine  insulin, 
streptomycin  and  penicillin.  These  cells  were  seeded  at  1x10°  cells/flask.  Upon 
reaching  confluencey,  cells  were  plated  onto  Transwells  at  a  density  of  2.5  x  10^ 
cells/well.  Transwells  were  coated  with  laminin  (1.5  pg/well),  collagen  (20  pg/well), 
human  extracellular  matrix  (20  pg/well),  or  nothing.  Plates  were  seeded  at  6x1 0^ 
cells/well,  6x1 03  cells/well,  and  6x104  cells/well.  Six  of  these  wells  were  maintained  with 
the  normal  media,  plus  epidermal  growth  factor  (EGF,  0.5  pg/mL).  31EG4  mouse 
mammary  cells  obtained  from  Professor  Firestone  were  maintained  in  DMEM/F12,  5% 
FBS,  5pg/mL  insulin,  50  pg/mL  gentamicin  sulfate.  These  cells  were  seeded  into  a  T-25 
flask  at  6x1 0^  cells.  Transwells  were  seeded  at  a  density  of  5x105  cells/well.  31EG4 
cells  were  treated  with  dexamethasone  (1  pM)  to  induce  tight  junction  formation. 
Transepithelial  resistance  measurements  were  taken  with  an  EVOM  (Epithelial 
Voltammeter,  World  Precision  Instruments,  New  Haven  CT). 

Electrophysiology.  Transwells  with  confluent  monolayers  and  an  Rj  over  100 
i2*cm2,  were  then  used  for  the  electrophysiology  measurements.  The  tissue  was 
mounted  on  a  nylon  mesh  support  and  clamped  into  a  modified  Ussing  chambers,  as 
previously  described.  The  transepithelial  potential  (TEP)  was  measured  by  calomel 
electrodes  in  series  with  Ringer-agar  bridges.  TEP  is  the  voltage  difference  between  the 
apical  and  basal  bath  electrodes  (Vb-Va).  The  transepithelial  resistance  (Rt)  were 
obtained  by  passing  current  pulses,  usually  of  2pA  across  the  tissue  and  measuring  the 
change  in  TEP  (Rt=  ATEP/AI).  The  ATEP/AI  was  multiplied  by  the  area  of  the  chamber 
(0.075  cm2)  to  obtain  the  units  Q«cm2  . 


4 


The  control  ringer  (1  liter)  was  made  of:  5g  KCI,  0.8g  MgS04*7H20,  113.4g  NaCI, 
26.2g  NaHCOs,  I.Og  NaH2P04  anhydrous,  5.6g  D-glucose,  5g  taurine,  and  1.8g  CaCl2, 
at  pH  7.4.  For  8.6  mM  Cl  ringer,  1 13.4  g  Methanesolufonic  Acid  was  substituted  for  NaCI. 
MCF-7  cells  were  treated  with  low  Cl  ringer,  a  cAMP  cocktail,  made  up  of  500  pM  IBMX, 
100  pM  CPT,  and  12pM  forskolin,  as  well  as  10-8  M  epinephrine,  and  2  mM  barium 
chloride.  31EG4  cells  were  treated  with  the  cAMP  cocktail,  lOpM  amiloride,  and  20  pM 
ionomycin. 

Fluid  and  ion  transport:  Transepithelial  fluid  flows  were  measured  using  an 
extremely  sensitive  capacitance  probe  technique  developed  in  this  laboratory  (Hughes  et 
al,  1984;  Jiang  et  al.,  1993)  in  which  a  sheet  of  epithelium  (0.5  cm^  exposed  area)  is 
mounted  between  two  water-impermeable  Kel  F  half-chambers.  A  very  sensitive 
oscillator  circuit  is  connected  to  a  pair  of  capacitance  probes  placed  on  each  side  of  the 
tissue  to  measure  the  changes  in  capacitance  between  the  probe  tips  and  the  fluid 
meniscuses  that  are  produced  as  ion-linked  fluid  is  osmotically  driven  across  the  tissue 
from  its  apical  to  basolateral  surfaces  (or  vice  versa).  Fluid  movement  across  the 
epithelium  is  recorded  by  the  changes  in  probe  output  measured  as  a  voltage  difference. 
Ports  in  the  bottom  of  the  half-chambers  allow  for  solution  composition  changes.  Voltage 
sensing  and  current-passing  bridges  built  into  each  half  chamber  permit  continuous 
monitoring  of  transepithelial  voltage  (Vt)  and  resistance  (Rj),  the  latter  from  the  voltage 
deflections  in  response  to  current  pulses  of  known  magnitude.  This  technique  has  an 
accuracy  of  ±  I  nl/min,  corresponding  to  a  fluid  rate  less  than  1/1 0th  of  the  average 
baseline  fluid  transport  rate  seen  in  these  experiments. 

PCR:  RT-PCR  was  used  to  see  if  phospholamban  was  present  in  human 

mammary  tissue.  .  Human  mammary  cells  were  isolated  from  a  fresh  tissue  received 
from  CHTN.  The  cells  were  was  homogenized  and  total  RNA  was  extracted  using  the 
RNAzol  B  method.  cDNA  was  made  using  0.5  mg  of  total  RNA,  oligo  dt  primers,  and 
MMLV  reverse  transcriptase.  Thirty-seven  PCR  cycles  were  run  on  the  CDNA  using 
primers  designed  to  cover  the  entire  phospholamban  coding  region  and  produce  a  463 
base  pair  band.  The  PCR  product  was  run  on  a  1 .5%  agarose  gel. 


Results 


Cell  Culture:  Initially  primary  human  and  mouse  mammary  epithelia  cultures  grew 
well  in  the  transwells.  As  the  epithelial  cells  grew  into  confluent  monolayers  they 
exhibited  a  transepithelial  resistance  400-600  fi  cm^  and  a  TEP  of  8-10  mV  (apical  side 
negative).  But  as  the  cells  formed  monolayers  in  the  collagen,  the  cultures  had  a 
tendency  to  round  up.  This  made  it  impossible  to  mount  them  as  flat  sheets  in  an  Ussing 
chamber.  Removing  the  monolayer  from  the  rigid  support  of  the  transwells  also  caused 
the  tissue  to  curl.  The  thickness  of  the  collagen  matrix  that  the  cells  grew  in  also  made  it 
difficult  to  mount  in  the  chamber.  This  inability  to  mount  a  functional  primary  tissue 
monolayer  lead  us  to  examine  the  mammary  cells  lines  MCF-7  and  31EG4. 
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Electrophysiology  Experiments:  The  use  of  MCF-7  and  31 EG4  allowed  us  to  test 
the  transport  model  that  we  have  developed  for  mammary  cells  (see  Figure  1).  We  have 
used  our  electrophysiology  and  fluid  transport  measurements  to  test  the  validity  of  this 
model.  First,  the  seeding  conditions  for  both  cell  lines  had  to  be  determined.  When  the 
MCF-7  cells  were  subcultured  onto  uncoated  Transwells,  the  cells  often  aggregated 
together;  some  even  formed  gland  like  structures.  Transweils  were  then  coated  with  a 
variety  of  different  substrates-  laminin,  collagen,  and  human  extracellular  matrix-  to  see  if 
the  cells  would  adhere  better.  Cells  were  more  likely  to  form  confluent  monolayers  on 
Transwells  with  no  added  substrate.  Transwells  were  also  seeded  at  a  variety  of 
densities,  6x1 0^  cells/well,  6x1 0^  cells/well,  and  6x1 0^  cells/well.  The  density  of  the 
seeding  did  not  significantly  effect  the  ability  of  the  cells  to  grow  in  a  flat  monolayer. 
Since,  epithelial  growth  factor  (EGF)  has  been  shown  to  help  the  proliferation  of  MCF-7 
cells  (Resnicoff  and  Medrano,  1989),  some  of  the  wells  were  maintained  in  media  plus 
EGF.  These  cells  did  not  show  any  significant  increase  in  the  rate  of  proliferation  over 
those  grown  without  EGF.  When  the  MCF7  cells  were  seeded  on  Transwells  at  2.5x104 
cells/well  they  had  an  average  Rj  of  70  -135  Q  cm2,  which  were  variable  and  usually  not 
high  enough  to  carry  out  electrical  or  fluid  transport  measurements.  This  result 
suggested  that  the  junctional  complexes  of  the  monolayer  were  not  well  formed.  Our 
preliminary  data  using  this  preparation  is  described  below  in  Figures  2-6. 

We  were  more  successful,  however,  in  growing  functional  monolayers  of  31 EG4 
cells.  These  cells  were  seeded  on  Transwells  at  5x1 0^  cells/well  and  had  an  average  Rj 
of  100  Q*cm2.  In  contrast,  those  treated  with  dexamethasone  had  an  average  Rj  of 
1000  i2»cm2  .  Wells  that  looked  100%  confluent  and  had  an  Rj  >  100  fl»cm2  could  be 
used  in  the  electrophysiology  and  fluid  transport  apparatuses  to  measure  changes  in 
voltage,  resistance  and  fluid.  Our  previous  work  in  the  retinal  pigment  epithelium  (eye 
epithelium)  and  in  the  airways  are  consistent  with  this  finding. 

Figures  2-6  all  show  that  MCF-7  have  an  apical  positive  TEP  indicating  that  the 
apical  membrane  is  more  hyperpolarized  compared  to  the  basolateral  membrane.  In  most 
epithelia  that  suggests  the  predominance  of  K  channels  at  the  apical  membrane  as 
indicated  in  the  model  slide  shown  in  Figure  1 . 

Figure  2  shows  that  perfusing  the  basolateral  side  of  MCF-7  cells  with  8.6  mM  Cl 
ringer  (low  Cl)  caused  an  increase  in  TEP  (Vb-Va).  There  was  also  an  increase  in  Rj  . 
Removal  of  the  low  Cl  ringers  resulted  in  recovery  of  both  the  TEP  and  Rj-  Figure  3 
shows  that  when  the  apical  side  was  bathed  in  a  low  Cl  Ringer  the  opposite  effect  seen; 
TEP  decreased  and  the  Rj  and  these  responses  are  reversible.  The  low  Cl  -induced 
changes  in  TEP  and  resistance  are  consistent  with  the  presence  of  Cl  channels  at  the 
apical  and  basolateral  membranes,  however  this  conclusion  is  not  definitive  because 
there  could  have  been  contributions  from  potentials  generated  in  the  shunt  pathway.  The 
addition  of  cAMP  cocktail  to  the  apical  side  of  MCF-7  cells  elicited  no  response  (Fig  4).  If 
there  had  been  a  response  it  would  suggest  the  presence  of  CFTR,  a  cAMP-dependent 
Cl  channel,  suggesting  that  the  low  Cl  -induced  diffusion  potentials  may  have  been 
generated  by  other  types  of  Cl  channels,  perhaps  Ca^'^-activated  as  in  many  other 
epithelia.  This  hypothesis  was  partially  tested  by  the  addition  of  epinephrine  to  the  apical 
or  basal  bathing  solutions.  This  catecholamine  activates  p  or  ai  adrenergic  receptors  in 
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bovine  and  human  retinal  pigment  epithelium  (or  RPE;  Joseph  and  Miller,  1992),  and  is 
metobotropically  coupled  to  an  elevation  in  cell  Ca^^  and  to  an  increase  in  plasma 
membrane  Cl  conductance.  Figures  5  and  6,  however,  show  that  epinephrine  had  little 
effect  at  either  the  apical  or  basolateral  membranes  of  MCF-7  cells. 

We  next  turned  to  the  31 EG4  cells  because  they  could  maintain  a  much  better 
electrical  seal,  by  a  factor  of  3  or  4  compared  to  the  MCF-7  cultures.  This  improved 
electrical  seal  indicates  that  the  polarity  of  these  cells  would  be  much  more  intact  than  the 
MCF  -7’s  and  that  any  changes  in  voltage  and  resistance  could  be  more  easily  observed. 
Another  potential  defect  of  low  resistance  monolayers  is  that  the  chemical  composition 
changes  that  are  made  on  one  side  of  the  epithelium  cannot  be  isolated  from  the 
opposite  side.  It  is  important  to  maintain  this  isolation  if  one  wants  to  separately  analyze 
the  transport  mechanisms  on  the  apical  and  basolateral  sides  of  the  tissue. 

Figures  7-10  show  that  31 EG4  cultures  can  have  a  negative  TEP.  Figure  7  shows 
that  in  striking  contrast  to  the  MCF-7’s,  addition  of  cAMP  cocktail  to  the  apical  bathing 
solution  31EG4  cells  caused  a  rapid  increase  in  TEP  toward  more  negative  potentials. 
This  increase  was  followed  by  a  slower  decrease  toward  zero;  there  was  little  change  in 
total  tissue  resistance.  This  result  is  consistent  with  the  presence  of  a  cAMP-dependent 
Cl  channel  at  the  apical  membrane,  perhaps  CFTR.  The  absence  of  a  change  in  Rt 
suggests  that  more  than  one  channel  resistance  was  altered  as  well  as  the  resistance  of 
the  paracellular  pathway.  A  smaller  decrease  in  TEP  was  seen  when  the  cAMP  cocktail 
was  added  to  the  basal  bath  (Fig  8,  a  result  also  consistent  with  the  presence  of  CFTR  at 
the  apical  membrane.  In  order  to  make  that  conclusion  definitive  we  will  have  to  repeat 
these  experiments  with  microelectrodes  in  the  cells.  Those  experiments  will  be  carried  out 
in  the  next  several  months. 

Figure  9  shows  another  potentially  important  result.  Apical  amiloride  decreased 
the  TEP  and  increased  Rj  consistent  with  the  presence  of  amiloride  sensitive  sodium 
channels  at  the  apical  membrane.  Furthermore,  Figure  10  shows  that  ionomycin,  a 
calcium  ionophore  which  elevates  cell  Ca^"^  significantly  increased  TEP  and  decreased  Rt 
exactly  as  expected  if  the  apical  membrane  contained  a  Ca^"^-activated  Cl  channels. 

Fluid  Transport  Experiments:  In  the  next  series  of  experiments  we  mounted 
the  31EG4  monolayers  in  a  specially  designed  fluid  transport  chamber  (Hughes  et  al., 
1984;  Jiang  et  al.,  1993)  that  allowed  us  to  simultaneously  measure  TEP,  Rt  AND  fluid 
transport  across  the  epithelium.  These  tissues  differed  form  the  ones  above  in  that 
they  were  cultured  in  dexamethasone,  prolactin  and  insulin  -  factors  that  have  been 
previously  shown  to  improve  cell  polarity,  especially  with  respect  to  the  up  regulation  of 
tight  junction  proteins  and  basolateral  membrane  Na/H  exchanger  (Sjaasted  MD,  et  al., 
1993).  The  preliminary  data  suggests  that  these  cells  have  a  consistently  higher 
resistance  and  voltage  (see  Tablel)  than  the  ones  cultured  only  in  DMEM/F12  and 
dexamethasone.  It  should  be  emphasized  that  these  are  the  only  extant 
measurements  of  fluid  transport  across  any  mammary  cell  preparation. 

Figure  1 1  summarizes  an  approximately  3  hr  experiments  in  which  we  carried 
out  voltage,  resistance  and  fluid  transport  changes  following  the  addition  and  removal 
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of  cAMP  to  the  apical  bath.  The  first  thing  that  one  should  note  is  the  size  of  the  TEP 
and  resistance  in  control  Ringer,  6-7  mV  and  800-900  Q  cm^,  respectively.  These 
values  indicate  a  significant  transport  potential  and  fluid  transport  rate.  The  fluid 
transport  rate  in  control  Ringer  was  ~  2  pl  cm^  hr  ^  and  then  slowly  decayed  toward 
zero.  Elevating  cell  cAMP  caused  a  massive  increase  in  steady-state  fluid  secretion  to 
~  -1  iil  cm^  hr'^  and  that  increase  along  with  the  increase  in  TEP  and  the  decrease  in 
Rt  almost  certainly  means  that  the  apical  membranes  of  these  cells  contain  a  large 
amounts  of  cAMP-dependent  Cl  channels. 

The  results  summarized  in  Figure  12  are  also  very  striking.  In  control  Ringer  the 
TEP  and  Rt  are  again  very  large,  -10  mV  and  1500  Q  cm^.  In  this  experiment  the  fluid 
transport  rate  in  control  Ringer  was  initially  -1  pl  cm^  hr'^  and  then  decayed  toward  zero 
(note  the  following  control  held  steady  at  -1  pl  cm^  hf ^).  The  addition  of  amiloride  to  the 
apical  bath  caused  a  rapid  and  large  decrease  of  TEP  (-10  to  -3  mV)  and  a  large 
increase  in  Rt  (=  300  Q  cm^).  At  the  same  time  Jv  increased  to  =  -2  )xl  cm^  hr  \  What 
these  results  help  demonstrate  is  that  fluid  transport  across  the  mammary  cell  epithelial 
layer  is  determined  by  a  balance  of  two  processes,  one  absorptive  and  the  secretory. 
Blocking  the  amiloride  -  sensitive  Na  channels  helped  decrease  absorption  and 
therefore  net  secretion  increased!  The  effects  of  amiloride  at  the  basolateral  side 
produce  a  different  set  of  results  perhaps  because  at  that  membrane  it  is  inhibiting  the 
Na/H  exchanger  known  to  be  located  there  (Sjaasted  et  al.,  1993).  The  latter 
conclusion  remains  to  be  much  more  rigorously  tested. 

Conclusions 


Electrophysiology  Experiments:  The  electrophysiology  data  obtained  using 
31EG4  cultures  is  important  because  it  provides  the  first  evidence  in  human  mammary 
cells  for  apical  membrane  Cl  channels  (cAMP  and  Ca^'"-activated)  and  amiloride  sensitive 
Na  channels.  The  existence  of  these  transport  mechanisms  provide  the  physiological 
basis  for  understanding  how  fluid  and  milk  are  transported  into  the  mammary  ducts.  The 
excessive  secretion  of  fluid  seen  in  breast  cystic  disease  could  be  pharmacologically  or 
genetically  reduced  by  upregulating  fluid  absorption  out  of  the  ducts  into  the  blood  via  the 
amiloride  sensitive  Na  channels  or  down  regulating  secretion  via  the  apical  membrane  Cl 
channels. 

PCR:  Phospholamban  has  been  shown  to  be  an  important  protein  for  modulating 

the  levels  of  intracellular  calcium  cardiac  and  skeletal  muscle  contraction  rates.  Recently, 
we  have  used  RT-PCR  and  immunocytochemistry  to  find  the  message  for  this  protein 
and  localize  it  in  the  RPE  and  the  airways  epithelium.  In  the  retinal  pigment  epithelium 
this  protein  helps  regulate  the  rate  of  fluid  absorption  out  of  the  eye.  Thus  far  we  have 
found  no  evidence  for  this  message  in  MCF-7  cells.  We  are  in  the  process  of  examining 
this  question  for  31  EG4’s. 


8 


Fluid  Transport  Experiments:  The  preliminary  fluid  transport  data  that  we 

have  generated  provides  important  results  for  understanding  mammary  cell 
pathophysiology  and  suggest  several  mechanisms  that  could  help  contribute  to  the 
observed  abnormalities  in  fluid  transport  that  occur  in  breast  cystic  disease.  The 
preserit  data  show  that  these  transformed  cultures  have  an  excessive  capability  for  fluid 
secretion  via  cAMP-  activated  Cl  channels  located  in  their  luminal  or  apical  membranes. 
It  also  seems  clear  that  the  amiloride  sensitive  Na  absorption  pathway  could  also 
contribute  to  excessive  secretion  if  it  were  down  regulated  or  blocked  (Fig  12).  How 
can  this  excessive  capability  for  fluid  secretion  be  mitigated  or  avoided?  Clearly  we 
must  use  pharmacological  or  gene  therapy  techniques  to  decrease  secretion  via  the 
cAMP  -  dependent  pathway  or  up-regulate  or  increase  fluid  absorption  via  the  apical 
membrane  Na  -  dependent  pathways.  Over  the  next  year  we  will  carry  out  a  variety  of 
studies  on  these  mammary  cells  that  are  designed  to  remove  fluid  form  the  lumenal 
side  of  these  epithelia.  Important  clues  on  how  to  do  this  have  come  from  our  previous 
work  from  the  eye  and  lung  (Jiang  et  al.,  1997;  Quong  et  al.,  1997). 
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Figure  5.  No  response 
was  observed  with 
addition  of  epinephrine 
to  the  apical  bath  of 
MCF-7  cells. 
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Figure  1 1 .  Three  hr  experiment  in  which  voltage,  resistance  and  fluid  transport  changes  were 
measured  following  the  addition  and  removal  of  cAMP  to  the  apical  bath  of  31 EG4  cells.  The  TEP 
and  resistance  in  control  Ringer;  6-7  mV  and  800-900  Q  cm^  respectively.  These  values  indicate 
a  significant  transport  potential  and  fluid  transport  rate.  The  fluid  transport  rate  in  control  Ringer 
was  =  2  pl  cm^  hr’’  and  then  slowly  decayed  toward  zero.  Elevating  cell  cAMP  caused  an  increase 
in  steady-state  fluid  secretion  to  =  -  7  pl  cm^  hr'’  and  that  increase  along  with  the  increase  in  TEP 
and  the  decrease  in  Rj  suggests  that  the  apical  membranes  of  these  cells  contain  cAMP- 
dependent  Cl  channels. 
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Figure  12.  Three  hr  experiment  in  which  voltage,  resistance  and  fluid  transport  changes  were 
measured  following  the  addition  and  removal  of  amiloride  to  the  apical  bath  of  31 EG4  cells.  In 
control  Ringer  the  TEP  and  Ry  are,  -10  mV  and  1500  H-cm^.  The  fluid  transport  rate  in  control 
Ringer  was  initially  -1  pl  cm^-hr  ^  and  then  decayed  toward  zero  (note  the  following  control  held 
steady  at  (-1  pI  cm^  hr'Y  The  addition  of  amiloride  to  the  apical  bath  caused  a  rapid  and  large 
decrease  of  TEP  (-1 0  to  -3  mV)  and  a  large  increase  in  Rt  (~  300  Q-cm^),  At  the  same  time  Jv 
increased  to  === -2  jil  cm^  hr  \ 
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Tablel .  The  preliminary  fluid  transport  and  physiology  data  from  31 EG4  cells. 
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